INTRODUCTION
Barian phlogopite and biotite occur most commonly in magmatic and contact metamorphic rocks including alkaline and peralkaline magmatic suites (Mansker et al., 1979) , layered gabbroic calc-alkaline and alkaline rocks (Bigi et al., 1993; Shaw and Penczak, 1996) and calc-silicate rocks and marbles (Solie and Su, 1987; Bol et al., 1989;  · · · · · ·¸¸˘ pressure, oxygen fugacity, fluid, and whole rock compositions. Understanding the factors that control the mica compositions is so far difficult. The Ti-content of micas, however, increases with increasing temperature, oxygen fugacity, decreasing pressure and decreasing water content of the system (Foley, 1990) . The study area is located in western Turkey, where widespread magmatic activity developed during the Oligocene to Middle Miocene. The volcanic activity produced intermediate to acid volcanic rocks such as andesite, rhyodacite, dacite and their tuffs; those, -and, to a lesser extent, limestone and marl, make up the geology of the Mezitler (Balιkesir-Dursunbey) area and its vicinity. On the basis of petrographic and geochemical studies, the majority of Miocene volcanic rocks are high-K calc-alkaline andesites. On the primitive mantle-normalized spider diagram, andesites are enriched in large-ion lithophile elements (LILE) over high-field strength elements (HFSE) and light rear earth elements (LREE), with the characteristics of orogenic magmatism. The behavior of trace-element concentration and their inter-element relationships suggest that the volcanic rocks were probably derived from magmas, which are generated in a subduction-enriched subcontinental lithospheric mantle. It is evident that the magma is also contaminated from the continental crust.
This paper describes the chemical composition of micas, their substitution mechanisms, paragenesis and petrogenesis from Miocene calcalkaline rocks including andesite and, to a lesser extent, rhyodacite and dacite from the Mezitler area, where numerous vein-type manganese-oxide and barite deposits are hosted in volcanic rocks of western Turkey. Moderate-and high-Ti and Ba micas are found generally in alkaline magmatic rocks. However, we observed that low to modearte barium-and titanium-rich micas can be found associated with calc-alkaline magmatic rocks in western Turkey. The most consistent feature of the micas is a low to moderate Ba and Ti contents up to 1.72 wt.% BaO and 5.90 wt.% TiO 2 respectively.
GEOLOGY AND PETROGRAPHY
The Neogene geological evolution of western Turkey is characterized by a widespread magmatism. Three different rock associations can be recognized in the region respectively granitoids, an intermediate, and basic volcanic rocks. The granitoids are composed mostly of granodiorites, monzonites and to a lesser extent adamellites, leucogranites and syenites (Altunkaynak and Yιlmaz 1995; Genç, 1995; Karacιk and Yιlmaz, 1995) . The chemical composition of the intermediate volcanic rocks ranges from basaltic andesite to dacite, with dominant pyroclastics. These rocks show calc-alkaline geochemical affinities. The basic volcanic rocks are generally represented by basalts and subordinate mugearites, trachytes and hawaiites and hence, show alkaline geochemical behavior. During the late Paleocene and the early Eocene Pontides in the north collided with the Anatolide platform in the south. Due to this collision, western Anatolia, situated just to the west of Turkey, was subjected to a progressive compressional regime in north-south direction. Anatexis melting took place within the locally thickened continental crust with the aid of heat that transferred from mantle-derived melts along the subducted zone in western Anatolia. The continuation of subduction process until the Middle Eocene provided a source for the calc-alkaline magmas. A volcanic rock with different compositions such as rhyodacite, dacite, andesite, and basalt, was formed as a result of this mechanism from the Upper Oligocene to the end of the Pliocene (Ercan et al., 1985; Genç and Yιlmaz, 1995) .
The geology of the Mezitler area is restricted to Miocene volcanic rocks of calc-alkaline association. The basement rocks of the vicinity area are biotite-muscovite schists, calc-schists and quartzites that lie within an area of Paleozoic metamorphic and metasedimentary rocks. There are numerous andesite-hosted vein-type Mn and Ba deposits in the Havran-Dursunbey metallogenic sub-province, eastern Balιkesir, western Turkey (Gültekin et al., 1998; Gültekin and Örgün, 1999) . The Mezitler area constitutes one of the most important Yalakkaya Mn-Ba deposits, which occur as Mn-oxide, barite veins, and lenses, along the steeply dipping northeasttrending faults (Fig. 1) . Andesites are intensively altered to carbonate and clay minerals at the contacts of mineralization zones. Textural and mineralogical features in hydrothermally altered rocks provide a link between the alteration and mineralization processes (Gültekin and Örgün, 1999) .
The mica phenocrysts are generally euhedral to subhedral and up to 4 mm in size, with dark reddish-brown color that is characteristic of Baand Ti-bearing micas. Mica phenocrysts show strongly pleochroic dark reddish-black rims. In some thin sections, rutile needles and apatite inclusions are observed at the dark-brown section of mica phenocrysts. The titanite/rutile-biotite Ersoy, 1989). intergrowth, also referred to as the sagenitic texture, is characterized by slender, needle-like inclusions at an angle of 60° in a matrix included in mica, quartz, or other minerals. This type of occurrences may be formed through simple topotaxial precipitation from a parent solid solution phase (Shau et al., 1991) or by inward diffusion of Ca and outward diffusion of Ti along the basal cleavage planes (Yui et al., 2001) . Groundmass micas show similar optical and chemical characteristics to those of the euhedral mica phenocrysts. Generally, no systematic zoning patterns have been detected. The micas contain apatite, zircon, plagioclase inclusions, and opaque minerals. Amphibole and pyroxene form euhedral to subhedral phenocrysts in porphyritic rocks. Opaque minerals associated with host rocks are magnetite, hematite, manganese-oxide and subordinate galena, sphalerite, chalcopyrite and pyrite. The groundmass of the volcanic rocks is composed largely of microlites of plagioclase associated commonly with lesser amount of sanidine. The average composition of plagioclase is An [45] [46] [47] [48] [49] [50] . The calc-alkaline volcanic rocks are porphyritic, with a hyalopilitic groundmass texture.
CHEMISTRY
The representative geochemical data for the volcanic rocks from Mezitler area are given in Table 1 . The major, trace-, and rare-earth element contents of the samples were analysed by a commercial laboratory in Canada using inductively coupled plasma-atomic emission spectrometry (ICP-AES) and inductively neutron activation analysis (INAA) techniques. Sample splits of 1.0 gram are digested in a mixture of HNO 3 , HClO 4 , HF, and HCl acids at a high temperature. Then solutions including trace-element were analysed by ICP-AES. On the other hand, sample splits of 30 gram were irradiated and then analysed by INAA using gamma ray detection. Detection limits for each element for the ICP-AES and INAA techniques are given in Table 1 . These rocks are mainly andesitic in composition, as is evident from Winchester and Floyd, 1977 Winchester and Floyd (1977) , which is shown in Fig. 2a . The range of andesite composition spans the medium-K to high-K fields on the classification diagram of Le Maitre (1989) (Fig. 2b) . The volcanic rocks are moderate to strongly enriched in highly incompatible elements, whereas depleted in compatible elements. On the primitive mantle-normalized diagram, andesites are enriched in LILE with respect to LREE and HFSE and depleted in HFSE with respect to neighboring on LILE and LREE ( Fig.   2c ). All these are the characteristics of orogenic magmatism and convergent margin magmas. All mica (except for sagenitic biotite) and coexisting mineral analyses were made at the laboratory of Metallurgy Engineering, Istanbul Technical University, using wavelength-dispersion spectrometry (WDS) on a JEOL JSM-840 scanning microscope at an accelerating voltage of 15 kV, beam current of 10 nA, 5-µm electron beam, and a ZAF correction scheme. Natural minerals and synthetic compounds were used as standards. Benitoite . (Rieder, 2001 (Yavuz and Öztas, 1997) . Mica variety is identified on the classification scheme by Tischendorf et al. (1997) using the Limica (Yavuz, 2001a) Table 2 and in Table 3 , respectively. The BIOTERM (Yavuz and Öztas, 1997) , LIMICA (Yavuz, 2001a) and MICA + (2002) computer programs are used for mineralogical calculations of the mica analyses. Analyzed mica samples have Mg# [Mg/(Mg+Fe)] < 0.66. In that way, biotites may have crystallized from a more evolved calc-alkaline magma compared to micas from alkaline potassic rocks. All of the phenocrysts lie within the eastonite-siderophyllite-phlogopiteannite field. The sample with the highest BaO content, however, is close to the phlogopite sector. Figure 3a is a plot of the octahedrally coordinated cations in terms of Foster (1960) showing the fields of different types of micas. Biotites plot on the line along which Mg: Fe ratio is 1:1. Micas are classified as Fe-and Mg-biotites on the classification diagram (Fig. 3b) proposed by Tischendorf et al. (1997) Table 2 ). (Yavuz, 1999) and Pyrox (Yavuz, 2001b) softwares were used for calculations of amphibole and pyroxene samples.
aluminobiotite and titanobiotite determined on basis of all octahedral ions (calculations from Jacobs and Parry 1979). Iron-enrichment index (I.E.) = (Fe+Mn)/(Fe+Mn+Mg). Magnesium number (Mg#) = Mg/(Mg+Fe). Ferric and ferrous iron separation is obtained by the Bioterm software
Structural formulae calculated on the basis of 22 positive charges show that Si and Al cation p.f.u. generally fill the tetrahedral sites. The octahedral sites, however, display slightly more variability between 2.90 to 2.92 cations p.f.u. (average 2.22 p.f.u.). The 12-fold co-ordination sites range between 0.90 to 1.13, with an average of 1.00 cation p.f.u. All these indicate that micas are close to the ideal stoichiometric values. Figure 4 shows that with increasing BaO there is a systematic decrease in SiO 2 , K 2 O, and MgO and increase in Al 2 O 3 , TiO 2 , and FeO. The trends in Fig. 4 are similar to those for the more BaO and TiO 2 rich micas from the Hawaiian nephelinites (Mansker et al., 1979) , from the West Eifel alkali mafic lavas (Edgar, 1992) , and from the barian-titanian micas in a lamprophyric dyke from Ilha da Trindade (Greenwood, 1998) . A comparison between the barian-titanian biotites from the Mezitler area with those from the West Eifel (Edgar, 1992) , from the Brome alkaline igneous complex (Henderson and Foland, 1996) , and from Ilha da Trindade (Greenwood, 1998) (Table 1 ). It appears that Ba-bearing biotites from this region reflect the Ba contents of their host rocks. This result agrees with the experimental study of Foley (1989) , who suggested that Ba-rich micas also reflect high Ba values in their host rocks.
The composition of coexisting clinopyroxene has the highest Mg#, with the range of 0.71 to 0.86 (average Mg# = 0.78) compared to amphibole (average Mg# = 0.64) and biotite (average Mg# = 0.60). The amphibole is most commonly potassian-titanian pargasite. The coexisting clinopyroxene is generally aluminian-ferroansodian diopside (Table 3) . The An contents of plagioclase range from 0.50 to 0.58 (average An% = 50.67), which agree with the Mg# values of the coexisting biotites and amphiboles.
DISCUSSION

Ba substitutions
It is difficult do assign a unique substitution mechanism for barium-and titanium-bearing micas because of the complexity of potential substi- Tischendorf et al. (1997) .
Fig. 3. a) Distribution of mica samples in the octahedral ion diagram of Foster (1960). b) Position of trioctahedral micas in the mica classification diagram of
Fig. 4. Variation of the contents of selected oxides with BaO contents for micas from the Mezitler area.
tutions, the problems in determining valence of Fe and Ti, and the possibility of Ti, Fe and Mg in tetrahedral co-ordination (Foley, 1990; Zhang et al., 1993; Shaw and Penczak, 1996) . However, some knowledge on interatomic correlations helps to identify the exchange components and valid substitutions. The exchange mechanisms for the Ba-bearing large cations can be generalized as the following equation:
where A and B can be cations, anions, or a vacancy (ᮀ), in the mica structural formulae, j is the coordination number of the coupled site, and x is the ionic charge (Harlow, 1995) . Several investigators (e.g., Mansker et al., 1979; Guo and Green, 1990; Edgar, 1992; Zhang et al., 1993; Shaw and Penczak, 1996; Henderson and Foland, 1996; Greenwood, 1998 ) discussed the principal substitutions in barium-bearing micas. There are several alternative substitutions involving Ba within the interlayer-site on the mica structure. Mitchell (1981) , Wagner and Velde (1986) , and Guo and Green (1990) proposed Ba substitution for interlayer cations in the 12-fold site in micas. Correlation between BaO and K 2 O indicates that the replacement of K by Ba in the mica structure needs charge compensation by a substitution given below.
[12] Ba + ᮀ = 2 [12] K.
Replacement of Ba by complex coupled substitutions involving cations from both the octahedral and interlayer site was proposed by Wendlandt (1977) , Mansker et al. (1979) , and Bol et al. (1989) by the following equation.
[12] Ba + [4] 
Replacement of K 1+ by Ba 2+ in the interlayer-site requires a charge compensation that needs different cations in tetrahedral or octahedral co-ordination or vacancies in the interlayer-site (Speer, 1984) .
Biotite compositions from the Mezitler area have low interlayer-site occupancies ( (Figs. 4a, b and d) indicates that the coupled substitution (3) may be applicable to the Mezitler micas. However, this type of substitution does not explain the overall-compositional variation, and a more complex coupled substitution may be taken into account. The correlation coefficient (r = 0.93) between K+Na+Ca vs. Ba (Fig. 5) for biotites supports that Ba occurs in the 12-fold interlayer site. Other complex coupled substitutions were proposed by Mansker et al. (1979) and Velde (1979) , which are applicable to micas from Mezitler rocks plotted in Figs. 6a, b Based on the detailed regression analysis, we attribute the exchange mechanism in the Mezitler biotites to the following equation (7) with negligible depart from a 1:1 slope (Fig. 6d) .
Fig. 5. Plot of mica compositions from the Mezitler rocks on a Ca+Na+K vs. Ba diagram.
[12] Ba + 2 [6] Ti + 3
[4] Al = [12] (K+Na+Ca) + 3 [6] (Mg+Fe+Mn) + 3 [4] Si.
These substitutions given here are common for most of Ba-rich micas in magmatic rocks.
Ti substitutions
The behavior of Ti in Ba-and Ti-rich micas depends on Ti valency and occupancy. Correlations between Ti vs. (Si+Al) and Ti vs. (Fe+Mg) are r = 0.51 and r = 0.46 respectively. This suggests that Ti may not enter the tetrahedral site by the following mechanism:
[4] Ti = [4] Si.
The mineral chemistry of Mezitler biotites shows full tetrahedral site and therefore other substitutions may be involved. The Ti substitution in the tetrahedral and octahedral sites is given by the mechanism shown below, with the correlation coefficient of r = 0.95.
[4] Al + [6] Ti = [4] Si + [6] Al.
Although the substitution mechanism shown below is theoretically possible, it seems inapplicable for the Mezitler biotites because of the inrelation correlation between Ti and (Mg+Fe).
[6] Ti + [6] ᮀ = 2 [6] (Mg,Fe 2+ ). In considering Ti in the octahedral site TiTschermakite substitution can be written as:
[6] Ti + 2 [4] (Al,Fe 3+ ) = [6] (Mg,Fe 2+ ) + 2 [4] Si. (11) The substitution mechanism of Mezitler micas with this scheme shows parallel trend to a line representing Ti-Tschermakite substitution (Fig. 7) .
Petrological considerations
According to the statistical approach of Abdel-Rahman (1994) on biotites in various igneous rock types, three compositionally distinct fields were defined. These are biotites in alkaline anorogenic suites, biotites in peraluminous suites and biotites in calc-alkaline orogenic suites. The chemical composition of Mezitler biotites on the ternary discrimination diagram of FeO t -MgOAl 2 O 3 suggests that host rocks are members of the calc-alkaline orogenic suites that are typically found in a subduction environment (Fig. 8) . Based on experimental study, Guo and Green (1990) showed that the amount of Ba in the mica structure could be determined by the Ti solubility. They discussed that the partitioning of Ba between mica and liquid is controlled by the compositional effect compared to thermal conditions. They also proposed that increased pressure decrease the amount of Ba entering in mica relative to melt. The Ba-bearing biotites from Mezitler rocks are generally found in the groundmass and as phenocrysts. This indicates that micas are formed at different temperature intervals. The lack of important differences in BaO contents between groundmass and phenocrysts, and the absence of regular zoning in micas for BaO and TiO 2 contents does not point out if temperature or fractionation processes played an important role in Ba-enrichment in the Mezitler micas. The average Mg# of micas is 0.60, which indicates moderate degrees of fractionation.
The presence of coexisting biotite, alkali feldspar and iron-titanium oxide minerals in the studied samples from Mezitler area provide the basis for tentatively estimating some extensive parameters, such as f (O 2 ) and f (H 2 O). In the Fe 2+ -Fe 3+ -Mg diagram of Wones and Eugster (1965) biotite compositions fall between the quartz-fayalitemagnetite (QFM) and Ni-NiO (NNO) oxygen fugacity buffers (Fig. 9) . The oxygen fugacity can also be evaluated from the calibrated curves of Wones and Eugster (1965) in f (O 2 )-T space. The Mezitler volcanic rocks equilibrated at an oxygen fugacity between 10 -11.89 and 10 -11.95 , which shows the conditions between NNO and QFM buffers for the temperatures of crystallization interval between 880° and 920°C. The solubility of Ti and Ca in biotite generally increases with increasing temperature (Shau et al., 1991) . Sagenitic biotites in some thin sections also support the present biotites have had a relatively high temperature of crystallization. Calculations made using the BIOTERM software (Yavuz and Öztas, 1997) indicated that the Mezitler micas were crystallized at f (H 2 O) between 0.4 and 1.0 kilobars. Hence, it is possible to suggest that the Mezitler Ba-bearing biotites formed at relatively high temperature, high oxygen fugacity, low total pressure, and low f (H 2 O). These results are consistent with crystallization under conditions of high temperature and low pressure for the high Ti and Ba contents of biotite (Edgar et al., 1976 , Trønnes et al., 1985 Guo and Green, 1990; Henderson and Foland, 1996) . Barium, as an incompatible element, is characteristic of mantle-derived magmas, such as lamproites and alkaline potassic rocks (Jaques et al., 1986; Thompson et al., 1997) . However, it is strongly compatible in mica and enters the structure during the earliest stage of crystallization (Henderson, 1982; Shaw and Penczak, 1996) . The presence of Ba-bearing biotites suggests that the Mezitler volcanic rocks and hosted hydrothermal Mn-oxide and barite deposits formed relatively shallow and oxic environments. In that way, micas from the Mezitler area may be comparable to those micas of the Yindongzi-Daxigou Pb-Zn-Ag deposits (Jiang et al., 1996) except for substitution mechanisms. It is assumed that Ba entered the mica structure at the earlier stage of crystallization as the source magma was generated in a subduction-enriched sub-continental lithospheric mantle. Micas in this type of environment appear to contain lower Ba and Ti contents compared to high Ba-and Ti-bearing micas in relatively thin, oceanic lithosphere, passing over a hot mantle plume, such as the islands of Hawaii (Mansker et al., 1979) , Cape Verde (Furnes and Stillman, 1987) and Gough (Le Roex, 1985) . Comparison of the Mezitler micas that with the other micas from different geologic environments is shown in Fig. 11 . It is clear from this figure that the Mezitler micas, which found in calc-alkaline magmatic rocks over- Wones and Eugster, 1965) .
lap the field for micas from Ilha da Trindade, South Atlantic (Greenwood, 1998) and lie on a trend parallel to those for metazomatic phlogopites from Canary Island xenoliths (Wulff-Pedersen et al., 1996) .
CONCLUSIONS
The calc-alkaline volcanic rocks in western Turkey are enriched in the large ion lithophile (LIL) elements. Geochemical studies point out a hybrid origin, with contamination of mantle-derived magmas to the crustal materials (Yιlmaz, 1989 (Yιlmaz, , 1997 . Biotites from the calc-alkaline Mezitler volcanic rocks are moderately enriched in Ba and Ti. These micas contain up to 1.72 wt.% BaO and 5.90 wt.% TiO 2 . The presence of barium in the mica structure can be explained by two factors the geometry of the inter-layer cation site and the mechanism of charge compensation, respectively. It seems that the incorporation of Ba into the mica structure is controlled by the Ba + 2Ti + 3Al = (K+Na+Ca) + 3(Mg+Fe+Mn) + 3Si coupled complex substitution mechanism.
Textural and petrological studies indicate that biotite in the Mezitler volcanic rocks is an early phase, which crystallized from calc-alkaline melts at near-surface pressures. Relatively low to moderate BaO contents (0.40-1.72 wt.%) in biotites from the studied area can also be explained by the entry of negligible amounts of Ba into the earlyformed biotite phenocrysts. The crystallizing residual melt is enriched in Ba and, thus, vein-type barite deposits were formed in the volcanic rocks depending on later hydrothermal processes. The high content of micas in the alkali-rich rocks may be explained by late-magmatic processes during the mica crystallization. According to the experimentally calibrated curve of Wones and Eugster (1965) for biotite + K-feldspar + magnetite equilibrium, the Mezitler rocks equilibrated at an average f (O 2 ) of 10 -11.92 for a temperature of crystallization of 900°C, which corresponds to conditions between NNO and QFM buffers. This shows (Mansker et al., 1979) ; Mongolian basanites (Ryabchikov et al., 1982) ; Cape Verde (Furnes and Stillman, 1987) ; SE Brazil (Meyer et al., 1994; Leonardos et al., 1991) ; Kimberlite micas (Mitchell, 1986) ; Canary Islands (Wulff-Pedersen et al., 1996) .
that Ba-bearing micas formed at relatively high temperature, high f (O 2 ), and low f (H 2 O). These results are consistent with a low to moderate Baand Ti-bearing mica that are thought to have been formed by magmas in a subduction-enriched subcontinental lithospheric mantle.
